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ft*i-«E(PEG)±WA4-lfe**(haH).i*PEG tt^ 15kDa 
SI 50kDa, hGH ^T-^^- PEG jfr fltt, 

JRZ,-* (PEG) W-^-WMfifit^ttttK*. 

ST: A£-fc&3t (hGH) 3liiN^atC*^OTJPEG±. 

fiE£T: PEG 20icDa !! 40kDa. 

5> l *ffi&tomz>-&A&ftWM%LG®, Kit 

(a)*£g#.£$: fa pH 3/ 3-9 ft hGH *JB*Hfc 

ff) PEG g, hGH i? PEG M^bt^ h 0.1 flj 1: 1, PEG 

» 

i$#^S#f 15 kDa £| 50kDa? 

«ffl^»»Rfi«tfffia. ffl^W 0.1M ftfttt, pH * 6.5 ft 

50mM 0.4 mfttjMtoffl&TffirmiLi 5 'WB> 

? J»»Kft«tt(fi«-«f*WJWWW hGH e&g*±$f N-* 
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•tft^ Jl, M pH ft 7.0 to 50mM WBtt&ttSFfctetfniaJi: 

JRttRff ttfllWffSftlft^fifitt PEG WE; 3Ultttt»*fttt N 
-*»JRZ,-#ftW hGH, ttftttttftXfflAl 0K5 100%6<J 50mM 
MM. &pHft7.5> *0.2M*{fctt. SMf 100&fl. ^Wi^hGH 

7, KISMdS* 6 +mJtW#J#JRZ.z:*A4-|jc**«-&«ltt 
3f£, E&WtETx £&gffc&J&W, hGH: PEG Effl: Jf ^tfcft 
1: 0.15 5(11: 0.6, pH?G® ft 4.5 50 7c 
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.#£*#&s6ijusjrz»:i# peg ££4H, i2i&jtoMfr2rft» 

Ross Clark 1996 The Journal of Biological Chemistry 271: 
21969-21977, 1996, Tffl PEG *^£***tt#S*«§ 

SfSttMStftt**. iMMffltfl PEG ttfl"?**/ 5kDa, PEG-GH 

«. U&n&F fcfiWH" GH #^±0187 l-7<tPEG^Hf, 

ttE*rs&£, mm, imm&®£?tom&m 
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g. Davis $£H@^J 4179337 *&?f 7ft PEG -^gQMftUffl 

^«*tt«w»a»tttta^*wa*^r*. Katre %&%m^M 

4766106 ft 4917888 *&&ft7WM^fflt&M&M&1h& 

^^^c n#, peg *i»'s*^»^aejsfl»«Kffli«Mtft 

B#fe«K«»HIfflt*tt»»fW»A, **faf$E PEG 
ifcS 6 JiW PEG-^Ftftft > FEG4MB»*«*!l*H^. 

iffc.,1958 *B^I*#*tt^Aiia#'t»IWaj4*c«*ffll5Wft 

jmfliffi, A^s^s^o.5 g , ^GHimm, ^*#a^GH 
5-iomg e &=?mw*Mtfim\, «*jstfflfliw5jatg«x«ft. 1979 

^, DNA £tlft#$ftA3t GH ffj DNA l^*SWE*«fftf 
*fert*FTB» MW^Tffi DNA SSaa*AX^J«W«filA± 
rhGH, rhGH ^flttJftARj* 

*^WmA»*f. 1985 f£, JS*0XStt#AX«&j3ctoMA£-fe 
ttftTftft&B'Fttft. *«#**«#. rhGH 
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ffy N W, hGH Igl^lMi^' jfc3r&£/*#! 

PEG-hGH AIM* hGH 5H^~ PEG JHHl*. 

B^HHUflUfc. iBlM. PEG-hGH W^^^Wii 5-7 ^, M4> 
# 5-7 ^Tfl!*#«ffi. 

*»W*-fl' ; l««ia-fl'JRZ»-#±ttA4*:«t*. i£ PEG 
fito*^** 15kDa 91 50kDa, g^^t* hGH PEG 

mm-. 

peg a*. fifcffl«JWr-+*- 
PEG40000O s-^iitjsfew^jwsr*^. mfimm&to hGH 

Wfcmitfcm: ft pH * 3-9 ffj 4XJ***ftlA hGH *0B*£{fc 
ft PEG m, hGH Jg PEG mmfc\t% 1: O.l ?«J lr 1, PEG 
15kDa |!l50kDa, 

mft=?w®J&&%ftft&m, ffl-w o.im p h * 6.5 m 

50mM.m^>#)« 0.4 ^/#fl»WJMTSMT&llft: 5 'WIS, 
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«ttWff»a?»wi**K*aatt peg mbi *ffl«tt#«ifc» n 

hGH, ««tt»*«ffl^ 0%S 100% n 50mM 
MM, £pH*7.5> t0iMlft«, «ff 100 4M*, **$hGH 

hGH ±tt£*IUSWI*tt«**. fiAt3^ia«ittt«l*&fi* 
#. JiWiff»*±R« hGH ft N-*« a -M±*£»*Zi^*fcR 
Bp-^JMKZ.-»ifett«fl. J^miiH*- PEG 

JB, *lfflT^H«fflf9K*Wa«K^ hGH ft N-3£3«[B)tf)&® 
tttt, .«4&***<E hGH fl«jfli4ttftfli't l RriU*lfflW*ffl. 

P H tt 3-9 T&trM, PH tti^ttAOTJffiM«»S 

W £ hGH M N-*«3eIS a pKa <itfjM#o 
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%mmm> i>gh m peg m&ftR£*fflt£& ^ » N - 

#l PEG/hGH Wi^fcW^m ffl&ftti hGH 

g?faiS, **9HbHft*z»-BibW hGH, OTIH*2>ft*a*« 

^MfiMhSfcltett^ hGH W^tk. » 
hGH ffyftTttmfa. hGH ±M3te&# : FW 

15kDa M 50kDa. ##Jtt£ 40 kDa. 
hGH^XZL-BWHSfflafltft 1: 0.1 Ml: 1 ftmSft, 0.15 
Ml: 0.6, 

pH ttfe*iftftffittl*fr4fe*i hGH iWtttttt. -«titt*» ft. 
pH fetitm , M PEG: hGH ftt£{il*$»iifc:t*> 6PW&£ 

BWBttfflW, «pH 3-9 WfSHrt. ffift4.5-7o 
tt7-*i**:arfc. PEG «#tt**«»ft«-tt 
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ta-«6<J hGH W*ttSfiJ!!l±» 
7lW#--f , l , **±ft*&-W* PEG-hGH ^£$ 0 i£ PEG-hGH g&£ 
N-*»€tttt PEG m hGH ^H^S** 

»W«ttSffl*^^lfi. ±«iW*lttJfc*4/ te tfi* : f 60%ffj PEG- 
hGH m-frW, ^Mttft^HJ^ 70% ft PEG-hGH R 
ftta^W^&I&tfJ PEG ZUfc&fitW hGH TMff)£WJ$l# 
T-^m^Xn 70%&) PEG-hGH 70%ft*&J&W 

hOH mwu & PEG-hGH m&oi&A 7 B±tii¥fc&to. 

•+JfflWMM?*I* SchiflPs baseo ttftttEIRflJlTOfcSfitt** 

*P±3*JWIt&W, PEG-hGH ft^m^f 

JW*B*ltt** hGH 5- 
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$JMJ;37 6mgPEG-hGH/kg % 5-7 

PEG-hGH m£®mfi%B&m, w$kwmi&-&\ti®wm 

PEG-hGH #®J&'W%.®%m. M PEG-hGH mwftrm 

^MWt^ltl^flM 30mg PEG-hGH, lOmM 
ftW&$i, 4mgti:M20, 17.4 mgfrtfcfft, ^5mg, pH6.0. 

ft^&Mt*^^^ 30m g PEG-hGH, "H" 
120mg, KUB 12mg, ?l® 12mg, 100 mg ft^ifc, 

&-^m&tf.Mnto%mw<p , m&&%&n®M PEG-hGH m 
mm 
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-*-hGH*B 

-X- 40KGH & 
-•- 60KGH-30 & 
60KGH-70 & 

*«*«HftjM*ft hGH m$\&R%±m¥5±yi¥%f&&* 

^JTJFffl^Ria**^. tt&SSilffil*. hGH ^flBtfl 

■, 

PEG40kDa — hGH ^£tfftfrj& 
fliTF 50mM PH * 5.5 20mM 

NaCNBH 3 , ft 2.5 Sftflfc* hGH 4t:#»ft&$ c » 
A 0.3 fSJg &ft8Hfc*Z,-»ftK. iaKft^JWFfcfc 40000 it 
ftgj, • IP 40kDa. hGH * S^RffWiift*^. 

S3, i£&ifWJ— ^ Superose 6HR 10/30 ft, Phannacia. fl^W 0.1M 
SMtfft> pH *J 6.5 ft 50mM mm®& 0.4 ^/^ftiffcmTi&fm 
5 /WJg- £#^ff#Wte**ft#W*9i0r*rft hGH B*£g 



n 
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^ HiLoad 16/10 S Sepharose HP ffi^&tt-b Pharmacia, Wffl pH 

^ 7.o w somM mmmmmmm. & i w/^wwwrf 

Jft*&£lft PEG KB. XfflWStt N-*»*Z,-»ifctt 
hGH, tttt&MSXft 0%M 100% ft 50mM Mffi* Jt pH * 7.5, 
* 0.2M fcfctt, atf T 100 fl*. hGH flf£4fcft«$Hft* 

PEG20kDa— hGH £§"£$lft$ij& 
fi&T 50mM . pH * 4.5 20mM NaCNBH 3 

ft 2.5 hGH ft-***] A'CXm&imm^to^ 0.6 M 

fcftmft»Z.:i»ttB. WttTi*^** 20000 iftftg, BP 

20kDao hGH ********* 1 

««MS[iftttN-*Jia -&S*bft 
PEG15kDa— hGH g£40ftftl&- 
f&J^ 50mM Mm®, PH 3j 7.0 .RlfrW 20mM NaCNBH, 
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2.5 m&mft hGH W— + 4^ ill A 0.15 f&jf&ff} 

«{fc*Z>-»ttK, 15000 15kDa,hGH 

£»J4 

N-5MI a -^g&ltt 
PEG50kDa— hGH ^-&$l8<jHiiJ& 
IrJJS? 50mM fit$4A. pH ft 6 fi^W 20mM NaCNBH 3 

ft 2.5 *%/*^ hGH ft— t 4'C#M#ffj$#&*;taA 0.2 ftjffttt 
m^Z.-»^. 50000 5P 50kDa. 

PEG OOkDa) -hGH *£-£$lffJ#J& 
50mM pH ft 5.0 20mM NaCNBHj 

m 2.5 ^^/^ hGH «|->r 41C#«H*tt**'t , inA 0.4 ftA^tt 
S(kHZ.-»WK. *KflW$#«* 30000 iftMK. BP 30kDa. 

«#MaWlW#: 1 PEG-hGH lOOOmg 

330ml $#ftJSWK 10mM MMA, 4 rag ttS 20, 

17.4 mgttfctfl, 3£g&5 mg, pH6.0, 5E*i±*^#££ 330 * 2ml 
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ft ® |5 ^1 1/1415 



ftJM*. mini. 

mm 7 

fa^MM: m%M® 2 ^rtt«l#n PEG-hGH looomg 

330ml ^fiJlTOfc*, § ml 120mg, 

12mg, ¥l®12mg, 100 mg ffi&tt, SfcfctifcfcjB, 

M 330 ^ 2ml £*6*>, ffi^H^&W&^M, ffittWJPaif 

flfflniw»a#tt* w* PEG-hGH m$®fam&ffifflft 

^W^SifSPVi (Body Weight Gain, BWG), BSRAKJH|i5ift. 

hGH: Jgttftftttffift 0.5 fcMA&fc**. 3.0 %mm* 

m Sephadex G25 flft&&flW#$&£*ttttttti , tt < 50mM, 
pH7.0). 1Tft£OTrffl§tf*#IIM 10mg/mlo 

60KGH: 60KGH # PEG^-hGH, 0.088 ££/57h 

ir^mfflttiM#ii 70 

40KGH: 40KGH PEG 20000 -hGH, |R*&jfcj£ 0.16 *£fl67b 
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mi 

60KGH: PEG 40000 -hGH^^^95%. 
40KGH: PEG 200 oo-hGH^^tlf& 95%. 

HttXMTUfcfcfclOR: Rtt^JIRia^lllOAi 60KGH(70®[ 
J£) ^HS^t 11 Ri 60KGH (30«£) ftHttEttfc 11 R;40KGH 

(7o*5£) ima^iui R. 

ftfentM?EH* 85.5 £M 111.6 

ir»««ie. i to, 5ct^is#^ o »jq£« 

ft 10 ioo <3B«iB) In 101 (Wt*iS>. 
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hGH: ftftOTlOftZftft, SfttM'U*. 
40KGH: 70 KTBWJRSBfrlH 1 -*. 

60KGH: 70 mHJPJISB*^-*. 

60KGH: $&£^30$£/*iil, 1TH*I»8B#*T-»C. 

mm-. *«tr* 2-3 Mt«»*jM^ii*-*. 

ttffi ******* Kftt. 

&Hfir*K#*H 0.72g±0.36g 

109.76g+6.60g 
hGH: 110.86g±5.00g 
40KGH: 107.85g±8.87g 
60KGH(30 ii g): 1 12.78 ±7.24g 
60KGH(70iig): 108.10g±5.73g 

*RjS*fi**«*BTO*Wt* (n *#*> 

(i) Rttxtmia (vehicle) »imj§#*$4fc*&»-s. w& 
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(2) mm®MQiGH)%mwn%itmmMmm 

(3) 70ug PEG-hGH (40KGH *Q 60KGH) MHTO 
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PEG-hGH Conjugate, its Preparation & Medicinal Use 

Field of the Invention 

This invention relates to polyethylene glycolylated (PEGylated) protein, 
its preparation & medicinal use. 

Background of the Invention 

Ross dark et al disclose firstly the conjugation of human growth 
hormone (hGH) with PEG (MW 5kDa) and the result of its pharmacological 
activity studies ("The J. Biol. Chem. 271 : 21969-21977, 1996). Said PEG-GH 
conjugate has markedly prolonged half-life, can be injected once per 5 days, 
and made convenient for the patient. However, said conjugated product is a 
mixture due to each GH molecule coupling to 1-7 PEG molecules, having 
indefinite coupling site & unquantifiable components, and hence unable to be 
used in clinical practice. 

All kinds of native and recombinant proteins have medicinal uses. After 
purifying, isolating and formulating, they can be administered parenterally for 
different indication. However, the parenterally fed protein may be 
immunogenic, may be relatively water insoluble, and may have a shorter 
pharmacological half-life. Hence, it is difficult to make said proteins reach the 
therapeutic concn in patient blood. These difficult problems can be overcome 
by conjugating said protein to a polymer such as PEG. In US 4,179,337, 
Davis et al disclose a technical solution for coupling PEG to a protein (e.g. 
enzyme and insulin) to obtain a conjugate having an immunogenicity lower 
than the primary protein, and still maintaining the pharmocological activity in 
substantial proportion. In US 4,766,106 and 4,917,888, Katre et al also 



disclose a technical solution for making the protein more soluble by 
compiling to polymer. Similarly, PEG and other polymers can be compiled to 
protein in order to decrease the immunogenicity and prolong the half-life. 

A large number of medicinal PEGylated proteins are prepared, 
manufactured, and used in clinical practice along with the dev & deepness of 
biomedicine & gene Eng. There are PEGylated interferon > PEGylated 
granulocyte colony stimulating factor (G-CSF) etc. 

Human growth hormone (hGH) is a peptide hormone secreted by human 
pituitary gland, human body is facilitated to fully utilize the energy & 
material from different aspects for synthesizing protein, the nutrient Ca 21 is 
facilitated to deposite on the bone, the size & quantity of body cell is 
increased, the human skeleton & internal organs is growth in proportion. In 
the year 1958, a foreign scientist extracted growth hormone from human 
pituitary gland to treat for dwarfism. The weight of human pituitary gland is 
about 0.5g, containing a minute quantity of hGH (5-1 Omg). The scientific 
researches were made extremely slow progress due to the limited source of 
the pituitary gland. In the year 1979, the expression of hGH' s DNA sequence 
coding on E. Coli has been made possible by the DNA biotech, thereby the 
synthesized recombinant human growth hormone (rhGH) by gene Eng has 
been produced. The quality & yield of rhGH product is a very great 
improvement along with the uninterrupted growth of prod technique. In the 
year 1985, the synthesized rh GH by gene Eng came into use in clinical 
practice, brought about a good news for the patient. The patient must inject 
once daily owing to the short half-life of rh GH in vivo, it is very 
inconvenient to patient. 

Disclosure of the Invention 
For the feature of hGH's bare N-end, a PEG molecule is made to 
conjugate selectively to the hGH's N-end, and unreactable with other free 
arninogronps on h GH. The final product produced by this method is 



monocomponent, easy to isolate & purified, and high yield due to each hGH 
molecule coupling to a single PEG molecule. The half-life of PEG-hGH is up 
to 5-7 days, and the medication frequency decreased (injecting once per 5-7 
days), and made convenient for the patient. 

This invention is a human growth hormone coupled to a polyethylene 
glycol (PEG. MW 15~50kDa), wherein each hGH molecule coupling to a 
single PEG molecule. 

This invention is not limited to the PEG molecule of specific molecular 
weight, but the PEG has a single aldehyde group. In one embodiment, said 
PEG is PEG (4kDa). In a preferred embodiment, said hGH is made to 
conjugate to PEG (4kDa). 

This invention's method for preparing PEG-hGH conjugate: 

(a) Alkylation: adding hGH and activated PEG alaehyde into a solution 
(4°c, pH 3-9), the mol ratio of h GH to PEG being 1:0.1-1 :1, the av. MW of 
PEG aldehyde being 15~50kDa; 

(b) isolation and purification of the reaction product: monitoring the 
extent of protein modification in said reaction process by MS gel 
chromatography; eluting with 50 mM of a Na phosphate solution (pH 6.5, 
containing 0.1M of NaCl) at 0.4ml/min. After 5 hr, MS gel chromatographic 
analysis indicates: basically all the hGH has been converted into the form of 
N-end PEGylated derive. 

Soon afterwards, diluting the reaction mixture with a septic water to five 
times its original volume, and applying to an ion exchange column; saturating 
said column with 50 mM of Na phosphate buffer solution (pH 7.0); filling the 
reaction mixture into said column at lml/min, and eluting the unreacted PEG 
aldehyde with three times the column volume of the same buffer solution; 
eluting the N-end PEG-hGH with linear gradient elution (using 50mM of a 
Na phosphate solution )(pH 7.5, containing 0.2M of NaCl, from 0%to 100%) 
for lOOmin; combining, concentrating and aseptic filtering the portions of 



hGH conjugate. 

The PEGylation by alkylation generally relates to a PEG aldehyde derive. 
Is made to react to hGH in the presence of a reactant, the product generally 
obtained is a multiple-PEG multiple-hHG conjugate. Nevertheless, byway of 
controlling said reaction condition, to make said PEGylation basically occur 
only at hGH's amino-N-end (I,e. mono PEGylated), there by a result of single 
PGE coupling to single hGH is achieved. 

A derivatization for producing a mono PEGylate by reductive alkylation, 
has made use of the different reactive behavior of different type of lysine's 
prim, amino, with the hGH's N-end, said primary amino group is an utilizable 
group in the derivatization of hGH. The abovementioned reaction is 
performed at pH 3-9, and said pH value can be used for differencing the p Ka 
value between e-amino and a-amino (hGH N-end). Byway of this selective 
derivatization. It is controllable that conjugating a PEG (containing one active 
group) to a polypeptide. The PEG-hGH conjugation mainly occurs at hGH's 
N-end, and the marked modification not occurred at the other reactive group, 
e.g. Lysine-aminoof pendant chain. In a chief respect, this invention provides 
a molecular preparation of basically homogeneous mono PEG/hGH conjugate, 
and this indicates: hGH is conjugated to a polymer molecule only at a single 
position. More particularly, If PEG is used, this invention provides PEGylated 
hGH, being short of antigen joining gene and containing the PEG molecule 
coupling directly to said h GH polypeptide. 

Another important consideration is the mol ratio of polymer to hGH. 
Generally, for the designed PEGylation herein, the preferred av. MW of said 
polymer is 1 5~50kDa, most preferably 40kDa. The mol ratio of hGH to PEG 
is generally 1:0.1-1:1, preferably is 1:0.1 5-1 :0.6. 

The pH value also has an influence on the ratio of polymer to be used to 
hGH. Generally, polymer is needed when pH value is lower: more polymer is 
required when the hGH ratio is high, to realize the maximum reaction 



conditions. The ratio of PEG to hGH needs not so high when said pH value is 
higher, more reactive group can be used, and hence less polymer is needed. 
For the object of this invention, said pH value remains at 3-9, preferably at 

4.5-7. 

By using the conditions as shown above, according to this invention's 
reactive alkylation, a method for selectively conjugating PEG to any hGH 
polypeptide protein having an ct-amino group at the N-end, and for preparing 
basically homogeneous mono PEG-hGH conjugate has been provided. Said 
PEG-hGH conjugate contains a PEG molecule located at N-end, and all other 
pendant chain groups of lysine are unreactable. Said preparation is preferably 
a>60% PEG-hGH conjugate, more preferably >70% PEG-Hgh conjugate, 
while accompanies unreacted PEG and hGH molecules. The following 
examples provide a preparaction containing at least ~ 70% of conjugate and ~ 
70% of unreated hGH. Said PEG-Hgh conjugate possesses biological activity. 

For this reactive alkylation, the reducing agent at liquid state should be 
stable, and preferably be capable of merely reducing the Schiff s base formed 
at the initial step of the reductive alkylation. The preferred reducing agent can 
be selected from the group consisting of Na hydride, Na cyanoborohydride, 
dimethylaminoborane, trimethylaminoborane, and pyridyl borane. The most 
preferred reducing agent is Na cyanoborahydride. 

This invention also relates to the application of PEG-hGH to the 
pharmacy and therapeutics of growth hormoprivia (child or adult). 

As shown above, the PEG-hGH correspondiong to this invention can be 
used for all the same known application as the native hGH, but the injection 
frequency is altered from once daily to once every 5-7 days. The clinic effect 
of hGH has been indicated by the prior clinic practice. For example, human 
body is facilitated to fully utilize the energy & material from different aspects 
for synthesizing protein, the nutrient ca 2t is facilitated to deposit on the bone, 
the size & quantity of body cell is ineuased, the human skeleton & internal 



organs is grown in proportion, thereby the children's height is facilitated 
linear growth. 

For the therapeutic applications, the PEG-hGH conjugate of the 
invention can be made preparations and dissolved in any aseptic 
biocompatible medical carrier, including saline, buffer saline and water, 
available for use. The effective dose of hGH polymer in curing diseases 
depends on the nature of said disease of state, and said dose can be 
determined through clinical test. If possible, firstly, the curative effect of this 
invention's PEG-hGH conjugate is determined in a model of an available 
animal body. The method of injection includes subcutaneous and 
intramuscular injections. 

The therapeutical dose is 6 mg of PEG-hGH/kg wt once every 5~7 days. 

In practical use, the stability of PEG-hGH in the space of several days 
must be ensured, and made convenient for the patient. Some protectant and 
stabilizer must be added to protect PEG-hGH and to be produced into specific 
preparation. For PEG-hGH, we have developed two forms of drug: liquid 
form and lyophilized form. 

1 ml of the liquid form contains: 30mg of PEG-hGH, lOmM of Na 
citrate, 4mg of Tween 20, 1 7.4mg of NaCl, 5mg of phenol, pH 6.0. 

the lyophilized form : firstly preparing a PEG-hGH -containing solution, 
then manufacturing said solution by lyophilization into lyophilized form, 
adding aseptic water before injection. 1 ml of said solution contains: 30mg of 
PEG-Hgh, 120mg of glycine, 12mg of mannitol, 12mg of lacticacid, lOOmg 
0fNaHCO 3 . 

In an example of pharmacokinetics, comprises the step of introducing the 
redissolved lyophilized form into the animal body of growth hormonoprivia, 
said animal being depituitary rats. 

Brief Description of the Drawing 



The name of the drawing is a plot of the cumulative weight gain for each 
group of experimental animal against the time. 
■ Gp negative control 



The following are the particular preparation and the physiological & 
biological features of hGH. It is intended to describe this invention in more 
detail, but never used in limiting this invention. In these examples, all hGH 
stems from gene recombination. 

Example 1 

Preparation of PEG (40kDa)-hGH (ct-amino N-end) Conjugate 

0.3nM of activated PEG aldehyde (av. MW 40kDa) was added into a 
2.5mg/ml hGH solution [4°C, pH5.5, containing Nm of Hgh (E. coli 
expression product), 50mM of Na phosphate, and 20mM of NaCNBH 3 ] while 
stirring. 

In said reaction process, the extent of protein modification was 
monitored by MS gel chromatography (Superose 6HR 10/30 column, 
Pharmacia), eluted with 50mM of a Na phosphate solution (pH 6.5, 
containing 0.1M of Nacl) at 0.4ml/min. After 5hr, MS gel chromatographic 
analysis indicated: basically all the hGH has been converted into the form of 
N-end PEGylated deriv. 

Soon afterwards, the reaction mixture was diluted with a septic water to 
five times its original volume, and applied to HiLoad 16/10S Sepharose HP 
ion exchange column, Pharmacia, said column was saturated with 50mM of 
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x Gp 40KGH 
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Na phosphate buffer solution (pH 7.0). the reaction mixture was filled into 
said column at lml/min, and the unreacted PEG aldehyde was eluted with 
three times the column volume of the same buffer solution. The N-end 
PEGylated hGH was eluted with linear gradient elution using 50mM of a Na 
phosphated solution (pH 7.5, containing 0.2M of Nacl, from 0% to 100%) for 
100 min; the portions of hGH conjugate were combined, concentrated, and 
aseptic filtered. 

Example 2 

Preparation of PEG (20kDaVhGH (q-amino N-end) Conjugate 

0.6nM of activated PEG aldehyde (av. MW 20kDa) was added into a 
2.5mg/ml hGH solution [4°C, pH 4.5, containing nM of hGH (mammal 
expression product), 50mM of Na phosphate, and 20mM of NaCNBH 3 ] while 
stirring. For the rest, the steps of example 1 were repeated. 

Example 3 

Preparation of PEG (15kDa)-hGH (ot-amino N-end) Conjugate 

0.1 5nM of activated PEG aldehyde (av. MW 15kDa) was added into a 
2.5mg/ml hGH solution [4°C, pH 7.0, containing nM of hGH (mammal 
expression product), 50mM of Na phosphate, and 20mM of NaCNBH 3 ] while 
stirring. For the rest, the steps of example 1 were repeated. 

Example 4 

Preparation of PEG (50kDaVhGH (q-amino N-end) Conjugate 

0.20nM of activated PEG aldehyde (av. MW 50kDa) was added into a 
2.5mg/ml hGH solution [4°C, pH 6.0, containing nM of hGH (E. coli 
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expression product), 50mM of Na phosphate, and 20mM of NaCNBH 3 ] while 
stirring. For the rest, the steps of example 1 were repeated. 



Example 5 

Preparation of PEG OOkDaVhGH (q-amino N-end) Conjugate 

0.40nM of activated PEG aldehyde (av. MW 30kDa) was added into a 
2.5mg/ml hGH solution [4°C, pH 5.0, containing nM of hGH (E. Coli 
expression product), 50mM of Na phosphate, and 20mM of NaCNBH 3 ] while 
stirring. For the rest, the steps of example 1 were repeated. 

Example 6 
Preparation of the Liquid Form 

lOOOmg of the PEG-hGH produced from example 1 was dissolved in 
330ml of the mother liquor of liquid form, wherein contains lOmM of Na 
citrate, 4mg of Tween 20, 17.4mg of Nacl, 5mg of phenol, pH 6.0. after 
aseptic filtering. The injecta was filled in 330 ampules (2ml). 

Example 7 
Preparation of the Lvophilized Form 

lOOOmg of the PEG-hGH produced from example 2 was dissolved in 
330ml of the mother liquor of lyophilized form. Each ml of the mother liquor 
contains 120mg of glycine, 12mg of mannitol, 12mg of lactic acid, lOOmg of 
NaHC0 3 . After aseptic filtering, said solution was filled in 330 ampules (2ml), 
and manufactured by lyophilization into lyophilized form, adding aseptic 
water before infection. 



Expermental Example 
Evaluation of In Vivo Activity on PEG-hGH Conjugate 



Using Depituitarv Rats 



One of the most classical method for assaying the activity of hGH is the 
Body Weight Gain BWG of the immature depituitory rats (written into 
European Pharmacopoeia). 

Experimental method 

Experimental Pharmacy : 

hGH : primary sample, each ampule containing 0.5g of recombinant 
human growth hormone, 3.0g of excipient. The buffer system being altered to 
phosphate buffer (50mM, pH 7.0) using Sephadex G 25 desalting column. 
Diluting with a carrier to lOmg/ml before the first administration. 

60KGH: being PEG (40kDa)-hGH, primary concn. 0.088mg/ml. diluting 
with a carrier to 70mg/ml before the first administration. 

Purity : 

hGH: according with "Chinese Pharmacopoeia 2000ed." Demands. 
60KGH: 95% PEG (40kDa) 
40KGH: 95% PEG (20kDa) 
Experimental Animal 

The rats of Wister strain (Animal Exp. Dept. Baiguien Univ.), male, 6 
wk-age depituitary. In all 53 depituitary rats (screening higher rate of weight 
gain) are used in this studies. Drawing in groups according to the following 
numbers: 

Gp negative control 1 0 rats Gp 60KGH (70 ug) admn 1 1 rats 

Gp positiue control 1 0 rats Gp 60KGH (30 ug) admn 1 1 rats 

Gp 40KGH (70 [ig) admn 1 lrats 

Age: 6 wk-age when depituit, 8 wk-age when beg admn. 

Range of body wt at received time 85.5-1 1 1 .6g 
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Numbering Method: two rats in each cage wherein one rat is marked 
with a satd soln of picric acid. Typical examples: the rats in cage 3 numbered 
30 (unmarked) and 31 (marked), the rats in cage 10 numbered 100 (unmarked) 
and 101 (marked). 

Administration 

The dose and procedure of admn: 
Vehicle: 1 ml/rat once, once daily for 14 days continuously 
hGH: lmg/rat once, once daily for 14 days continuously 
40KGH: 70ug/rat once, once at first & eighth day each 
60KGH: 70ug/rat once, once at first & eighth day each 
60KGH: 30jag/rat once, once at first & eighth day each 

Administration: subcutanious injection 

Body Weight Measurement 

Frequency: once per 2~3 days before admn, once daily from the first 
admn 

Method: using electronic plat form scale 
Experimental Result & Conclusion 

The daily mean rate of rat's weight gain before admn is 0.72g±0.36g 

The average weight of each group of rats: 
Vehicle: 109.76g±6.60g 40 KGH (70^g): 107.85g±8.87g 

hGH: 1 10.86g±5.00g 60 KGH (30ng): 1 12.78g±7.24g 

60KGH(70ng): 108.10g±5.73g 

The daily mean cumulative weight gain of each group of rats after admn 
is shown in Fig. 1 . 

The experimental result indicates: 

(1) Gp negative control (Vehicle): before & after admn, the weight 
variations are reaching unanimity, the negative control is tenable; 

(2) Gp positive control (hGH): before admn, the weight variations are 
unanimous in the groups of negative control and other admn; after admn, the 
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daily mean cumulative weight gain sharp rises basically, and the daily mean 
rater of weight gain in creases uniformly, hence the positive control is 
tenable; 

(3) The daily mean cumulative weight gain of Gps. 70ug PEG-hGH 
(40KGH and 60KGH) 
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Claims 



1. A polyethylene glycalylated human growth hormone (PEG-hGH) 
conjugate characterized by comprising an hGH conjugated to a polyethylene 
glycol having MW 15kDa, wherein each said hGH molecule coupling to a 
single PEG molecule. 

2. The PEG-hGH conjugate of claim 1, characterized by said PEGylated 
hGH having a single reactive aldehyde group. 

3. The PEG- hGH conjugate of claim 1, characterized by the hGH being 
coupled, through a-amino N-end, to PEG. 

4. The PEG-hGH conjugate of claim 1, characterized by the molecular 
weight (MW) of PEG being 20kDa~40kDa. 

5. The PEG-hGH conjugate of claim 1, characterized by said hGH being 
an expressed hGH molecule by gene engineering. 

6. A method for preparing PEG- hGH conjugate, characterized by: 

(a) Alkylation: adding hGH and activated PEG aldehyde into a solution 
(4°C, pH 3-9), the mol ratio of hGH to PEG being 1:0.1-1:1, the av MW of 
PEG aldehyde being 15~50kDa; 

(b) isolation and purification of the reaction product: monitoring the 
extent of protein modification in said reaction process by MS gel 
chromatography; eluting with 50mM of a Na phosphate solution (pH 6.5, 
containing 0. 1 M of NaCl) at 0.4ml/min. After 5hr, MS gel chromatographic 
analysis indicates: basically all the hGH has been converted into the form of 
N-end PEGylated derive. 

Soon afterwards, diluting the reaction mixture with a septic water to five 
times its original volume, and applying to an ion exchange column; saturating 
said column with 50 mM of Na phosphate buffer solution (pH 7.0); filling the 
reaction mixture into said column at lml/min, and eluting the unreacted PEG 
aldehyde with three times the column volume of the same buffer solution; 



eluting the N-end PEG- hGH with linear gradient elution (using 50 mM of a 
Na phosphate solution) (pH 7.5, containing 0.2M of NaCl, from 0% to 100%) 
for 10 min; combining, concentrating and aseptic filtrating the portions of 
hGH conjugate. 

7. The method for preparing PEG-hGH conjugate of claim 6, 
characterized by when alkylate, the mol ratio of hGH to PEG being 
1 :0.5~1 :0.6, the pH value being 4.5-7. 

8. The application of PEG-hGH conjugate of claim 1 to the pharmacy 
and therapeutics of growth hormoprivia (child or adult). 



Abstract 



This invention relates to polyethylene glycolylated human growth 
hormone conjugate, its preparation & medicinal use. In said conjugate, each 
hGH molecule coupling to a single PEG molecule to prevent the rapid 
degradation of hGH in vivo, the polymer formed is more stable than hGH, 
and its in vivo half-life is markedly prolonged. 
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PEG-hGH Conjugate, its Preparation & Medicinal Use 

Field of the Invention 

This invention relates to polyethylene glycolylated (PEGylated) protein, 
its preparation & medicinal use. 

Background of the Invention 

Ross dark et al disclose firstly the conjugation of human growth 
hormone (hGH) with PEG (MW 5kDa) and the result of its pharmacological 
activity studies ("The J. Biol. Chem. 271 : 21969-21977, 1996). Said PEG-GH 
conjugate has markedly prolonged half-life, can be injected once per 5 days, 
and made convenient for the patient. However, said conjugated product is a 
mixture due to each GH molecule coupling to 1-7 PEG molecules, having 
indefinite coupling site & unquantifiable components, and hence unable to be 
used in clinical practice. 

All kinds of native and recombinant proteins have medicinal uses. After 
purifying, isolating and formulating, they can be administered parenterally for 
different indication. However, the parenterally fed protein may be 
immunogenic, may be relatively water insoluble, and may have a shorter 
pharmacological half-life. Hence, it is difficult to make said proteins reach the 
therapeutic concn in patient blood. These difficult problems can be overcome 
by conjugating said protein to a polymer such as PEG. In US 4,179,337, 
Davis et al disclose a technical solution for coupling PEG to a protein (e.g. 
enzyme and insulin) to obtain a conjugate having an immunogenicity lower 
than the primary protein, and still maintaining the pharmocological activity in 
substantial proportion. In US 4,766,106 and 4,917,888, Katre et al also 



disclose a technical solution for making the protein more soluble by 
compiling to polymer. Similarly, PEG and other polymers can be compiled to 
protein in order to decrease the immunogenicity and prolong the half-life. 

A large number of medicinal PEGylated proteins are prepared, 
manufactured, and used in clinical practice along with the dev & deepness of 
biomedicine & gene Eng. There are PEGylated interferon > PEGylated 
granulocyte colony stimulating factor (G-CSF) etc. 

Human growth hormone (hGH) is a peptide hormone secreted by human 
pituitary gland, human body is facilitated to fully utilize the energy & 
material from different aspects for synthesizing protein, the nutrient Ca 21 is 
facilitated to deposite on the bone, the size & quantity of body cell is 
increased, the human skeleton & internal organs is growth in proportion. In 
the year 1958, a foreign scientist extracted growth hormone from human 
pituitary gland to treat for dwarfism. The weight of human pituitary gland is 
about 0.5g, containing a minute quantity of hGH (5-1 Omg). The scientific 
researches were made extremely slow progress due to the limited source of 
the pituitary gland. In the year 1979, the expression of hGH' s DNA sequence 
coding on E. Coli has been made possible by the DNA biotech, thereby the 
synthesized recombinant human growth hormone (rhGH) by gene Eng has 
been produced. The quality & yield of rhGH product is a very great 
improvement along with the uninterrupted growth of prod technique. In the 
year 1985, the synthesized rh GH by gene Eng came into use in clinical 
practice, brought about a good news for the patient. The patient must inject 
once daily owing to the short half-life of rh GH in vivo, it is very 
inconvenient to patient. 

Disclosure of the Invention 
For the feature of hGH's bare N-end, a PEG molecule is made to 
conjugate selectively to the hGH's N-end, and unreadable with other free 
arninogronps on h GH. The final product produced by this method is 



monocomponent, easy to isolate & purified, and high yield due to each hGH 
molecule coupling to a single PEG molecule. The half-life of PEG-hGH is up 
to 5-7 days, and the medication frequency decreased (injecting once per 5-7 
days), and made convenient for the patient. 

This invention is a human growth hormone coupled to a polyethylene 
glycol (PEG. MW 15~50kDa), wherein each hGH molecule coupling to a 
single PEG molecule. 

This invention is not limited to the PEG molecule of specific molecular 
weight, but the PEG has a single aldehyde group. In one embodiment, said 
PEG is PEG (4kDa). In a preferred embodiment, said hGH is made to 
conjugate to PEG (4kDa). 

This invention's method for preparing PEG-hGH conjugate: 

(a) Alkylation: adding hGH and activated PEG alaehyde into a solution 
(4°c, pH 3-9), the mol ratio of h GH to PEG being 1:0.1-1 :1, the av. MW of 
PEG aldehyde being 15~50kDa; 

(b) isolation and purification of the reaction product: monitoring the 
extent of protein modification in said reaction process by MS gel 
chromatography; eluting with 50 mM of a Na phosphate solution (pH 6.5, 
containing 0.1M of NaCl) at 0.4ml/min. After 5 hr, MS gel chromatographic 
analysis indicates: basically all the hGH has been converted into the form of 
N-end PEGylated derive. 

Soon afterwards, diluting the reaction mixture with a septic water to five 
times its original volume, and applying to an ion exchange column; saturating 
said column with 50 mM of Na phosphate buffer solution (pH 7.0); filling the 
reaction mixture into said column at lml/min, and eluting the unreacted PEG 
aldehyde with three times the column volume of the same buffer solution; 
eluting the N-end PEG-hGH with linear gradient elution (using 50mM of a 
Na phosphate solution )(pH 7.5, containing 0 .2M of NaCl, from 0% to 100%) 
for lOOmin; combining, concentrating and aseptic filtering the portions of 



hGH conjugate. 

The PEGylation by alkylation generally relates to a PEG aldehyde derive. 
Is made to react to hGH in the presence of a reactant, the product generally 
obtained is a multiple-PEG multiple-hHG conjugate. Nevertheless, byway of 
controlling said reaction condition, to make said PEGylation basically occur 
only at hGH's amino-N-end (I,e. mono PEGylated), there by a result of single 
PGE coupling to single hGH is achieved. 

A derivatization for producing a mono PEGylate by reductive alkylation, 
has made use of the different reactive behavior of different type of lysine's 
prim, amino, with the hGH's N-end, said primary amino group is an utilizable 
group in the derivatization of hGH. The abovementioned reaction is 
performed at pH 3-9, and said pH value can be used for differencing the p Ka 
value between e-amino and a-amino (hGH N-end). Byway of this selective 
derivatization. It is controllable that conjugating a PEG (containing one active 
group) to a polypeptide. The PEG-hGH conjugation mainly occurs at hGH's 
N-end, and the marked modification not occurred at the other reactive group, 
e.g. Lysine-aminoof pendant chain. In a chief respect, this invention provides 
a molecular preparation of basically homogeneous mono PEG/hGH conjugate, 
and this indicates: hGH is conjugated to a polymer molecule only at a single 
position. More particularly, If PEG is used, this invention provides PEGylated 
hGH, being short of antigen joining gene and containing the PEG molecule 
coupling directly to said h GH polypeptide. 

Another important consideration is the mol ratio of polymer to hGH. 
Generally, for the designed PEGylation herein, the preferred av. MW of said 
polymer is 15~50kDa, most preferably 40kDa. The mol ratio of hGH to PEG 
is generally 1 :0. 1-1:1, preferably is 1 :0. 1 5-1 :0.6. 

The pH value also has an influence on the ratio of polymer to be used to 
hGH. Generally, polymer is needed when pH value is lower: more polymer is 
required when the hGH ratio is high, to realize the maximum reaction 



conditions. The ratio of PEG to hGH needs not so high when said pH value is 
higher, more reactive group can be used, and hence less polymer is needed. 
For the object of this invention, said pH value remains at 3~9, preferably at 

4.5-7. 

By using the conditions as shown above, according to this invention's 
reactive alkylation, a method for selectively conjugating PEG to any hGH 
polypeptide protein having an a-amino group at the N-end, and for preparing 
basically homogeneous mono PEG-hGH conjugate has been provided. Said 
PEG-hGH conjugate contains a PEG molecule located at N-end, and all other 
pendant chain groups of lysine are unreactable. Said preparation is preferably 
a>60% PEG-hGH conjugate, more preferably >70% PEG-Hgh conjugate, 
while accompanies unreacted PEG and hGH molecules. The following 
examples provide a preparaction containing at least ~ 70% of conjugate and ~ 
70% of unreated hGH. Said PEG-Hgh conjugate possesses biological activity. 

For this reactive alkylation, the reducing agent at liquid state should be 
stable, and preferably be capable of merely reducing the Schiffs base formed 
at the initial step of the reductive alkylation. The preferred reducing agent can 
be selected from the group consisting of Na hydride, Na cyanoborohydride, 
dimethylaminoborane, trimethylaminoborane, and pyridyl borane. The most 
preferred reducing agent is Na cyanoborahydride. 

This invention also relates to the application of PEG-hGH to the 
pharmacy and therapeutics of growth hormoprivia (child or adult). 

As shown above, the PEG-hGH correspondiong to this invention can be 
used for all the same known application as the native hGH, but the injection 
frequency is altered from once daily to once every 5~7 days. The clinic effect 
of hGH has been indicated by the prior clinic practice. For example, human 
body is facilitated to fully utilize the energy & material from different aspects 
for synthesizing protein, the nutrient ca 2t is facilitated to deposit on the bone, 
the size & quantity of body cell is ineuased, the human skeleton & internal 



organs is grown in proportion, thereby the children's height is facilitated 
linear growth. 

For the therapeutic applications, the PEG-hGH conjugate of the 
invention can be made preparations and dissolved in any aseptic 
biocompatible medical carrier, including saline, buffer saline and water, 
available for use. The effective dose of hGH polymer in curing diseases 
depends on the nature of said disease of state, and said dose can be 
determined through clinical test. If possible, firstly, the curative effect of this 
invention's PEG-hGH conjugate is determined in a model of an available 
animal body. The method of injection includes subcutaneous and 
intramuscular injections. 

The therapeutical dose is 6 mg of PEG-hGH/kg wt once every 5-7 days. 

In practical use, the stability of PEG-hGH in the space of several days 
must be ensured, and made convenient for the patient. Some protectant and 
stabilizer must be added to protect PEG-hGH and to be produced into specific 
preparation. For PEG-hGH, we have developed two forms of drug: liquid 
form and lyophilized form. 

1 ml of the liquid form contains: 30mg of PEG-hGH, lOmM of Na 
citrate, 4mg of Tween 20, 17.4mg of NaCl, 5mg of phenol, pH 6.0. 

the lyophilized form : firstly preparing a PEG-hGH -containing solution, 
then manufacturing said solution by lyophilization into lyophilized form, 
adding aseptic water before injection. 1 ml of said solution contains: 30mg of 
PEG-Hgh, 120mg of glycine, 12mg of mannitol, 12mg of lacticacid, lOOmg 
ofNaHC0 3 . 

In an example of pharmacokinetics, comprises the step of introducing the 
redissolved lyophilized form into the animal body of growth hormonoprivia, 
said animal being depituitary rats. 

Brief Description of the Drawing 



The name of the drawing is a plot of the cumulative weight gain for each 
group of experimental animal against the time. 
■ Gp negative control 



The following are the particular preparation and the physiological & 
biological features of hGH. It is intended to describe this invention in more 
detail, but never used in limiting this invention. In these examples, all hGH 
stems from gene recombination. 

Example 1 

Preparation of PEG (40kDaVhGH (a-amino N-end) Conjugate 

0.3nM of activated PEG aldehyde (av. MW 40kDa) was added into a 
2.5mg/ml hGH solution [4°C, pH5.5, containing Nm of Hgh (E. coli 
expression product), 50mM of Na phosphate, and 20mM of NaCNBH 3 ] while 
stirring. 

In said reaction process, the extent of protein modification was 
monitored by MS gel chromatography (Superose 6HR 10/30 column, 
Pharmacia), eluted with 50mM of a Na phosphate solution (pH 6.5, 
containing 0.1M of Nacl) at 0.4ml/min. After 5hr, MS gel chromatographic 
analysis indicated: basically all the hGH has been converted into the form of 
N-end PEGylated deriv. 

Soon afterwards, the reaction mixture was diluted with a septic water to 
five times its original volume, and applied to HiLoad 16/1 OS Sepharose HP 
ion exchange column, Pharmacia, said column was saturated with 50mM of 
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Na phosphate buffer solution (pH 7.0). the reaction mixture was filled into 
said column at lml/min, and the unreacted PEG aldehyde was eluted with 
three times the column volume of the same buffer solution. The N-end 
PEGylated hGH was eluted with linear gradient elution using 50mM of a Na 
phosphated solution (pH 7.5, containing 0.2M of Nacl, from 0% to 100%) for 
1 00 min; the portions of hGH conjugate were combined, concentrated, and 
aseptic filtered. 

Example 2 

Preparation of PEG (20kDa)-hGH (q-amino N-end) Conjugate 

0.6nM of activated PEG aldehyde (av. MW 20kDa) was added into a 
2.5mg/ml hGH solution [4°C, pH 4.5, containing nM of hGH (mammal 
expression product), 50mM of Na phosphate, and 20mM of NaCNBH 3 ] while 
stirring. For the rest, the steps of example 1 were repeated. 

Example 3 

Preparation of PEG (15kDa)-hGH (a-amino N-end) Conjugate 

0.1 5nM of activated PEG aldehyde (av. MW 15kDa) was added into a 
2.5mg/ml hGH solution [4°C, pH 7.0, containing nM of hGH (mammal 
expression product), 50mM of Na phosphate, and 20mM of NaCNBH 3 ] while 
stirring. For the rest, the steps of example 1 were repeated. 

Example 4 

Preparation of PEG (50kDa)-hGH (a-amino N-end) Conjugate 

0.20nM of activated PEG aldehyde (av. MW 50kDa) was added into a 
2.5mg/ml hGH solution [4°C, pH 6.0, containing nM of hGH (E. coli 

8 



expression product), 50mM of Na phosphate, and 20mM of NaCNBH 3 ] while 
stirring. For the rest, the steps of example 1 were repeated. 



Example 5 

Preparation of PEG OOkDaVhGH (q-amino N-end) Conjugate 

0.40nM of activated PEG aldehyde (av. MW 30kDa) was added into a 
2.5mg/ml hGH solution [4°C, pH 5.0, containing nM of hGH (E. Coli 
expression product), 50mM of Na phosphate, and 20mM of NaCNBH 3 ] while 
stirring. For the rest, the steps of example 1 were repeated. 

Example 6 
Preparation of the Liquid Form 

lOOOmg of the PEG-hGH produced from example 1 was dissolved in 
330ml of the mother liquor of liquid form, wherein contains lOmM of Na 
citrate, 4mg of Tween 20, 17.4mg of Nacl, 5mg of phenol, pH 6.0. after 
aseptic filtering. The injecta was filled in 330 ampules (2ml). 

Example 7 
Preparation of the Lvophilized Form 

lOOOmg of the PEG-hGH produced from example 2 was dissolved in 
330ml of the mother liquor of lyophilized form. Each ml of the mother liquor 
contains 120mg of glycine, 12mg of mannitol, 12mg of lactic acid, lOOmg of 
NaHC0 3 . After aseptic filtering, said solution was filled in 330 ampules (2ml), 
and manufactured by lyophilization into lyophilized form, adding aseptic 
water before infection. 



Expermental Example 
Evaluation of In Vivo Activity on PEG-hGH Conjugate 
Using Depituitarv Rats 

One of the most classical method for assaying the activity of hGH is the 
Body Weight Gain BWG of the immature depituitory rats (written into 
European Pharmacopoeia). 

Experimental method 

Experimental Pharmacy : 

hGH : primary sample, each ampule containing 0.5g of recombinant 
human growth hormone, 3.0g of excipient. The buffer system being altered to 
phosphate buffer (50mM, pH 7.0) using Sephadex G 25 desalting column. 
Diluting with a carrier to lOmg/ml before the first administration. 

60KGH: being PEG (40kDa)-hGH, primary concn. 0.088mg/ml. diluting 
with a carrier to 70mg/ml before the first administration. 

Purity : 

hGH: according with "Chinese Pharmacopoeia 2000ed." Demands. 
60KGH: 95% PEG (40kDa) 
40KGH: 95% PEG (20kDa) 
Experimental Animal 

The rats of Wister strain (Animal Exp. Dept. Baiguien Univ.), male, 6 
wk-age depituitary. In all 53 depituitary rats (screening higher rate of weight 
gain) are used in this studies. Drawing in groups according to the following 
numbers: 

Gp negative control 1 0 rats Gp 60KGH (70 ug) admn 1 1 rats 

Gp positiue control 1 0 rats Gp 60KGH (30 ug) admn 1 1 rats 

Gp 40KGH (70 u.g) admn 1 lrats 

Age: 6 wk-age when depituit, 8 wk-age when beg admn. 

Range of body wt at received time 85.5~1 1 1 .6g 
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Numbering Method: two rats in each cage wherein one rat is marked 
with a satd soln of picric acid. Typical examples: the rats in cage 3 numbered 
30 (unmarked) and 31 (marked), the rats in cage 10 numbered 100 (unmarked) 
and 101 (marked). 

Administration 

The dose and procedure of admn: 
Vehicle: 1 ml/rat once, once daily for 14 days continuously 
hGH: lmg/rat once, once daily for 14 days continuously 
40KGH: 70ug/rat once, once at first & eighth day each 
60KGH: 70ug/rat once, once at first & eighth day each 
60KGH: 30ug/rat once, once at first & eighth day each 

Administration: subcutanious injection 

Body Weight Measurement 

Frequency: once per 2~3 days before admn, once daily from the first 
admn 

Method: using electronic plat form scale 
Experimental Result & Conclusion 

The daily mean rate of rat's weight gain before admn is 0.72g±0.36g 

The average weight of each group of rats: 
Vehicle: 109.76g±6.60g 40 KGH (70ug): 107.85g±8.87g 

hGH: 110.86g±5.00g 60 KGH (30ug): 1 12.78g±7.24g 

60 KGH (70ug): 108.10g±5.73g 

The daily mean cumulative weight gain of each group of rats after admn 
is shown in Fig. 1 . 

The experimental result indicates: 

(1) Gp negative control (Vehicle): before & after admn, the weight 
variations are reaching unanimity, the negative control is tenable; 

(2) Gp positive control (hGH): before admn, the weight variations are 
unanimous in the groups of negative control and other admn; after admn, the 



daily mean cumulative weight gain sharp rises basically, and the daily mean 
rater of weight gain in creases uniformly, hence the positive control is 
tenable; 

(3) The daily mean cumulative weight gain of Gps. 70u.g PEG-hGH 
(40KGH and 60KGH) 
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Claims 



1. A polyethylene glycalylated human growth hormone (PEG-hGH) 
conjugate characterized by comprising an hGH conjugated to a polyethylene 
glycol having MW 15kDa, wherein each said hGH molecule coupling to a 
single PEG molecule. 

2. The PEG-hGH conjugate of claim 1, characterized by said PEGylated 
hGH having a single reactive aldehyde group. 

3. The PEG- hGH conjugate of claim 1, characterized by the hGH being 
coupled, through a-amino N-end, to PEG. 

4. The PEG-hGH conjugate of claim 1, characterized by the molecular 
weight (MW) of PEG being 20kDa~40kDa. 

5. The PEG-hGH conjugate of claim 1, characterized by said hGH being 
an expressed hGH molecule by gene engineering. 

6. A method for preparing PEG- hGH conjugate, characterized by: 

(a) Alkylation: adding hGH and activated PEG aldehyde into a solution 
(4°C, pH 3-9), the mol ratio of hGH to PEG being 1:0.1-1:1, the av MW of 
PEG aldehyde being 15~50kDa; 

(b) isolation and purification of the reaction product: monitoring the 
extent of protein modification in said reaction process by MS gel 
chromatography; eluting with 50mM of a Na phosphate solution (pH 6.5, 
containing 0.1 M of NaCl) at 0.4ml/min. After 5hr, MS gel chromatographic 
analysis indicates: basically all the hGH has been converted into the form of 
N-end PEGylated derive. 

Soon afterwards, diluting the reaction mixture with a septic water to five 
times its original volume, and applying to an ion exchange column; saturating 
said column with 50 mM of Na phosphate buffer solution (pH 7.0); filling the 
reaction mixture into said column at lml/min, and eluting the unreacted PEG 
aldehyde with three times the column volume of the same buffer solution; 



eluting the N-end PEG- hGH with linear gradient elution (using 50 mM of a 
Na phosphate solution) (pH 7.5, containing 0.2M of NaCl, from 0% to 100%) 
for 10 min; combining, concentrating and aseptic filtrating the portions of 
hGH conjugate. 

7. The method for preparing PEG-hGH conjugate of claim 6, 
characterized by when alkylate, the mol ratio of hGH to PEG being 
1 :0.5~1 :0.6, the pH value being 4.5-7. 

8. The application of PEG-hGH conjugate of claim 1 to the pharmacy 
and therapeutics of growth hormoprivia (child or adult). 
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Abstract 



This invention relates to polyethylene glycolylated human growth 
hormone conjugate, its preparation & medicinal use. In said conjugate, each 
hGH molecule coupling to a single PEG molecule to prevent the rapid 
degradation of hGH in vivo, the polymer formed is more stable than hGH, 
and its in vivo half-life is markedly prolonged. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



